The epibenthic fauna of the lower Cávado estuary at five sampling stations was studied over a period of two years. We examined the spatial and seasonal distribution of different species and analysed temperature, salinity, dissolved oxygen, precipitation and sediment type, which are all important features of estuarine dynamics. A total of 15 taxa were identified. Crustaceans had the highest levels of abundance (91%) and biomass (87%). Crangon crangon was the most abundant species (75%) and Carcinus maenas had the highest biomass (71%). No exotic species were recorded. Multivariate analysis showed two different spatial assemblages, one corresponding to stations nearest to the mouth (higher abundance values) and other to the upstream stations. The Shannon diversity index was highest at the margin station further upstream. Three different assemblages could be distinguished, separating summer/autumn (higher values of abundance) from spring and from winter.
IntroductIon
Estuaries are recognised as transition zones, or ecotones, between freshwater and marine habitats (Dyer 1997; Elliott & McLusky 2002; Meire et al. 2005) . The species that live in estuaries need to be adapted to rigorous variations in salinity (physiological stress), water movement and turbidity (physical stress) (McLusky 1993; Constable 1999; Little 2000; Meire et al. 2005) . Estuaries support many important ecosystem functions such as biogeochemical cycling and nutrient movement, flood mitigation, maintenance of biodiversity and biological production (Meire et al. 2005) . Estuaries also provide nursery grounds for several commercial fish and crustacean species and serve as an important link between rivers and the sea for many anadromous and catadromous species (McLusky 1999; Meire et al. 2005 ; Leitão et al. 2006; Cabral et al. 2007; Martinho et al. 2007 ). Epibenthic fauna is the most important component of the estuarine community and represents a link between different life stages of some species and different niches (Costa-Dias et al. 2010a) . Benthos are an important part of the fish and benthic invertebrate food web, which are used by humans as a food source, making them economically relevant (McLusky 1999; Little 2000; Feller 2006 ). This intermediate position in food webs of epibenthos, makes them an important link in the process of pollutants and toxic compounds pathways in which they become elements of bioamplification and of bioaccumulation of contaminants (Costa-Dias et al. 2010a) . Environmental changes by natural or anthropogenic disturbances are able to modify these communities, and may induce negative impacts on the entire ecosystem. Therefore it is necessary to increase knowledge about the ecology of epibenthic communities, particularly in poorly known estuaries.
Previous studies have shown that Pomatoschistus microps (Krøyer, 1838) is the most abundant species in the epibenthic fish community of the Cávado estuary (Coelho & Santos 2006) . No published information is, however, available for the epibenthic invertebrate community of this estuary.
The aims of this study were as follows: (1) obtain an inventory of the epibenthic fauna in protected area of the lower Cávado estuary, (2) contribute to the characterisation of the spatial and seasonal distribution of the epibenthic biodiversity and (3) relate the diversity, abundance and biomass distribution of the epibenthic community to environmental information such as temperature, salinity, dissolved oxygen, precipitation and sediment type.
MAterIAls And Methods

study area
The Cávado River originates in Serra de Larouco, North Portugal, at an altitude of about 1520m and courses ~129km to its mouth in Esposende. Its basin covers an area of ~1589km 2 , representing 1.8% of the territory of Portugal. The annual average flow at the mouth is ~71m 3 /s. The Cávado estuary is integral to the 'Natural Park of the North Coast' (Parque Natural Litoral Norte, PNLN) and is classified as CORINE Biotope No. 136, "Foz do Cávado / Costa Esposende" and was designated as site "Litoral Norte" (code PTCON0017) of the Natura 2000 network.
sampling and laboratory analysis
Sixteen monthly samples were collected between February 2009 and September 2010 from five stations located along the estuary (E1, E2 and E3 at the margin and E1a and E3a within the channel (Figure 1 ). Samples were gathered with a dredge (40cm wide by 20cm tall) with a 1m long bag that had a mesh size of 10mm. The dredge was towed on the estuary bottom by means of a wire cable operated by hand aboard a slowly moving boat against the river flow. The sampling effort used on the present work was a drag for 1 minute at constant velocity of 1 knot (12.3m 2 ). The dragging was conducted during the diurnal tide. Biological samples were fixed in 10% formalin. During sampling, water temperature, salinity and dissolved oxygen were recorded close to the estuary bottom using a multi-parameter probe (Yellow Springs Instruments, Model 85). At each sampling station 1.5 kg of sediment was collected for granulometric analysis at the beginning of this study.
In the laboratory, the samples were gently washed in running tap water through a sieve (mesh size of 0.5mm) and then the biological material was sorted in a tray with backlight. The epienthic fauna was identified to the lowest taxonomic level and all individuals were weighed (0.001g). Data on individuals per species were used to calculate the biological parameters of abundance (individuals/m 2 ) and biomass (g/m 2 ). Small sized benthic species, typical infauna like Amphipoda, Isopoda, Gastropoda, Bivalvia and Annelida were not considered for data analysis because the dredge is not adequate for their assessment (Costa-Dias et al. 2010a ). This infauna species were presented only in Appendix A to complete the inventory of the benthic species of Cávado estuary. Sediment samples were dried in an oven at 62°C to constant weight and then sieved. Grain size analysis was carried out by mechanical separation through a column of six sieves with different mesh sizes. Sediment was divided in seven different classes according grain size: gravel (>2mm), very coarse sand (1-2mm), coarse sand (0.5-1.0mm), medium sand (0.25-0.5mm), fine sand (0.125-0.250mm), very fine sand (0.063-0.125mm) and silt (>0.063mm) (Blott & Pye 2001) . Dry weight of each fraction of the sediment samples were expressed as percentage of the total sample's weight. (Clarke & Gorley 2001) . The same software was used to perform MDS analysis using abundance data after square-root transformation and Bray-Curtis similarity calculation to identify and characterize spatial and seasonal patterns and affinity assemblages. ANOSIM were used to analyse spatial and seasonal variation and differences between epibenthic assemblages and the species contributing to similarities within assemblages were identified by SIMPER analysis (cut-off 90%) (Clarke 1993) .
Comparisons between values of abundance, biomass and Shannon diversity index of stations and months were conducted using the non parametric analysis Kruskal-Wallis test. The relationship between abundance and biomass and between abundance, biomass, Shannon diversity index and type of sediment was established by the Pearson's correlation coefficient. All comparisons were made using STATISTICA 10.0 software (Statsoft 2012 ).
In order to establish correlations between the abundance and the environmental variables (temperature, salinity, dissolved oxygen and precipitation), BIOENV procedure with Primer Software (Clarke 1993 ) was used applying the Spearman rank correlation. We used the abundance data, square-root transformed, and the Bray-Curtis similarity. For abiotic data we used a normalised Euclidean distance matrix. This analysis was complemented by the calculation of a correlation matrix among the biological data (abundance, biomass, species richness, equitability and diversity indexes) and the environmental data using STATISTICA 10.0 software (Statsoft 2012) .
results
environmental analysis
Water temperature values ranged between 10.0°C, in January 2010 at station E1 and E1a, and 20.5°C, in July 2010 at station E3 and E3a, and variation between stations is low. Mean values and standard deviation, considering all station at each month are displayed in Figure 2 . Salinity Granulometric analysis showed sampling stations E1, E1a and E2 to be characterised by gravel (≥ 2mm) ( Table 1) . Stations E3 and E3a, despite being mostly gravel (≥ 2mm), also contained silt (< 0.063mm). The margin station (E3) had a higher percentage of silt than the channel station (E3a).
spatial and seasonal variations in epibenthic community structure
The biological data set consisted of 7352 individuals (Appendix A), with a total biomass of 3682.621g from 15 taxa that included Arthropoda (8) and Vertebrata (7). Crangon crangon was the most abundant species, representing 75% of the total number of individuals collected. This was followed by Carcinus maenas (6%) and Pomatoschistus microps (8%) and Neomysis integer (5%). Carcinus maenas dominated the epibenthic biomass of the Cávado estuary, making up 71% of the total biomass collected, followed by Crangon crangon (14%), Anguilla anguilla (5%) and Pomatoschistus microps (5%).
Based on similarity analysis of abundance data, two assemblages could be distinguished by MDS analysis (stress value= 0.00): Assemblage A corresponding to stations E1 and E1a, and Assemblage B corresponding to stations E2, E3 and E3a as shown in Figure 3 . However, ANOSIM did not confirm significant differences between the two assemblages (R= 0.75 p< 0.1). SIMPER analysis showed that the species contributing the most to the average similarity within assemblage A and within assemblage B were C. crangon, C. maenas and P. microps (Table 2 ). The species responsible for the 90% cut-off for the dissimilarity observed between assemblages were the three above mentioned ones and also N. integer. Collectively, the stations nearest the mouth (E2/E3/ E3a) had higher abundance values (15.9ind. ). Downstream, the channel station had higher biomass values than the margin. Upstream, the opposite was observed. The samples were not significantly different in terms of biomass (H (df= 4, N= 75) = 4.270 p= 0.371). The Shannon diversity index value was highest at station E1 (1.360) and lowest near the mouth at station E3 (0.711). However, E1 had the highest value of species richness (1.684) and E1a registered the lower value (0.999). Additionally, the relative abundance at the mouth (E3) demonstrated a large difference between the various species. The most abundant (C. crangon) reached 70% and, therefore, lowered equitability (0.277). Values for the Shannon diversity index were not significantly different between the sampling stations (H (df= 4, N= 57) = 3.578 p= 0.467). Accordingly, the Simpson diversity index values ranged between 0.677 at station E1 and 0.312 at station E3 and equitability value was higher at station E1a (0.553).
MDS analysis (stress value= 0.09) was performed, using similarity matrix of abundance data to assess the seasonal distribution. Three assemblages could be Figure 5 . ANOSIM confirmed significant differences between the three assemblages (R= 0.79 p< 0.001). SIMPER analysis showed that the species contributing the most to the average similarity within assemblage I were Pomatoschistus microps and Neomysis integer and within assemblage II and III were Crangon crangon, Carcinus maenas and also P. microps and N. integer (Table 3 ). In addition to these four taxa, other species were also responsible for the 90% cutoff for the dissimilarity observed between assemblages. It is the case of Anguilla anguilla, Pomatoschistus minutus and Platichthys flesus, between I and II, A. anguilla, Palaemon The correlation between epibenthic abundance and biomass was low (R= 0.23, N= 67 p= 0.066).
Carvalho & Santos
The BIOENV procedure revealed that the environmental variables that most contribute to the spatial distribution and seasonal variation of biological data were dissolved oxygen, temperature and salinity with a combined correlation value of 0.172 (Table 4) Carvalho & Santos Revista de Gestão Costeira Integrada / Journal of Integrated Coastal Zone Management 13 (1):101-111 (2013) -107 -matrix of correlations between biological data (abundance, biomass, species richness, equitability and diversity indexes) and environmental parameters showed that abundance of epibenthos was positively correlated to water temperature (R= 0.31, N= 42 p= 0.044). Biomass was also correlated with water temperature (R= 0.31, N= 42 p= 0.047). The number of species was positively correlated with water temperature (R= 0.38, N=42 p= 0.013) and negatively correlated with dissolved oxygen (R= -0.40, N=42 p= 0.009). Pielou's equitability was positively correlated with dissolved oxygen (R= 0.43, N=42 p= 0.004) and Simpson diversity index was also positively correlated with this abiotic variable (R= 0.37, N= 42 p= 0.015). The remaining diversity indices did not have a significant correlation with the physicochemical data. Relating biological data with the type of sediment, the abundance was correlated with a high significance with fine sand and very fine sand, (R= 0.89, N= 5 p= 0.041) and (R= 0.89, N= 5 p= 0.042) respectively. Biomass was better correlated with silt (R= 0.57, N= 5 p= 0.316). The number of species was better correlated with medium sand (R= 0.58, N= 5 p= 0.306). Pielou's equitability was better negative correlated with very fine sand (R= -0.85, N= 5 p= 0.068). Shannon diversity index and Simpson diversity index were better negative correlated with fine sand, (R= -0.78, N= 5 p= 0.116) and (R= -0.76, N= 5 p= 0.134) respectively. Margalef species richness was very low correlated with any grain size of sediment.
dIscussIon
This work is relevant for the study of estuarine epibenthos in Portugal, adding new information on the ecology and spatial and seasonal distribution patterns along the estuarine gradient in a poorly known estuary of Northwest Portugal.
According to our results, during the sampling period, water temperature and salinity showed higher values during the summer months and lower values during the winter as expected. We did not observe a water temperature gradient or large variations among the sampling stations. In general, salinity was lower at most upstream stations (E1, E1a) and higher at most downstream stations (E2, E3 and E3a). Seasonal variations and along to the estuarine gradient as those indicated are very common in Portuguese estuaries (Moreira et al. 1993; Azevedo et al. 2008; Chainho et al. 2008; Sousa et al. 2008b; Costa-Dias et al. 2010b; Medeiros et al. 2012) . Winter and spring were the wettest seasons compared to summer, which was generally drier. This follows the pattern of most temperate estuaries, and is characterised by having a significant influx of freshwater during the winter, which has an impact on salinity variation (Elliott & McLusky 2002; Chainho et al. 2006; Teixeira et al. 2008) . The presence of gravel at upstream stations and the accumulation of muddy sediments in the stations near of mouth of Cávado estuary detected in the present study has also been observed in other Portuguese estuaries Chainho et al. 2007; Sousa et al. 2008b; Teixeira et al. 2008) . 
Tabela 4. Combinação das variáveis (k) que fornecem os valores mais elevados de correlação (utilizando a correlação de Spearman) entre a abundância e os dados ambientais, resumindo os resultados da análise BIOENV.
Our results show the representativeness of epibenthic crustaceans and gobies, but not the other species of fish, particularly in adult size. Most eels and flatfishes caught were juveniles. Care must be taken to analyze and compare present data with similar studies, once the gear type, mesh size, speed and depth of sampling chosen could be different. The epibenthic fauna of Cávado estuary was characterised by the dominance of Crangon crangon in abundance and Carcinus maenas in biomass. These were also the species that dominated the epibenthic community of Minho estuary (Costa-Dias et al. 2010a) . The presence of exotic species was not recorded in Cávado. In Minho, Costa-Dias et al. (2010a) detected the presence of the introduced freshwater crayfish Procambarus clarkii in some of the upper sites. Further studies could be useful in Cávado estuary, with sampling stations further upstream to assess the presence of exotic species.
Although we did not find significant differences, multivariate analysis indicated two assemblages of epibenthic fauna in Cávado estuary: one corresponding to the upstream stations (Assemblage A) and the other to the stations close to the estuary mouth (Assemblage B). The dissimilarity within these two groups is a result of the same species (Crangon crangon, Carcinus maenas, Pomatoschistus microps and Neomysis integer) but in different proportions. All of them are typically euryhaline species, common in epibenthic communities of temperate European estuaries (Hampel et al. 2009 ). Comparatively, in Minho dissimilarity between groups is a result of the presence of different species. According to Costa-Dias et al. (2010a) , the group of stations with a higher influence of freshwater was dominated by the Atyaephyra desmarestii and the group of stations with a higher marine influence was dominated by C. crangon and P. microps, but their work extended well upstream. In Cávado, a few individuals of A. desmarestii were collected, regardless of location, in months that have been registered a very low salinity, i.e. more influenced by higher upstream freshwater input.
Considering all the species, the stations located on the marginal sand banks had higher abundance than stations located in the channel. This could be related to higher channel's average depth and stronger water flow. Variations in the distribution of biomass along the estuarine area were due not only to the presence of adult C. maenas, mainly in the channel, but also of Anguilla anguilla and Platichthys flesus near the margins. The Shannon diversity index was higher at upstream stations and lower near the mouth due to the C. crangon higher abundance downstream. Different patterns of sediment deposition and current strength at the narrow mouth of the Cávado estuary are possible additional causes of these findings. Contrary, in Minho the highest values were recorded at downstream stations (Costa-Dias et al. 2010a ). Although we have recorded a lower number of species for Cávado, we registered a higher value of Shannon diversity to those found in Minho estuary. However, epibenthic diversity of Cávado was low as compared to other European estuaries (Maes et al. 1998) .
Analysing the seasonal variation of abundance, three dissimilar epibenthic assemblages were found in Cávado estuary: Assemblage I corresponded mainly to winter months, Assemblage II mostly related to the spring months but included also other months that showed abundance pattern closest to spring and Assemblage III related to both summer and autumn months. Abundance was higher in the summer and early autumn and lower in the winter. The spring assemblage (II) pattern is influenced by the presence of young A. anguilla and P. flesus at this season, as in other estuaries (Martinho et al. 2007; Freitas et al. 2009; Ramos et al. 2010) . The variation of epibenthic biomass did not present a clear seasonal pattern, being higher in months when there was the presence of species heavier individuals as C. maenas, A. anguilla, P. flesus, and Solea solea. Along the sampling months, the Shannon diversity index was higher in spring and summer and lower in autumn and winter. Species numbers were, however, higher in summer and autumn and lower in winter and spring.
The environmental parameter with more contribution to the distinction of spatial and seasonal assemblages was dissolved oxygen (correlated with water temperature and salinity). Even so, biological data, such as abundance and biomass, were better correlated with temperature than with salinity. Several studies reported the water temperature and salinity as the most important abiotic factors affecting Portuguese estuarine fauna Sousa et al. 2008b; Teixeira et al. 2008; Costa-Dias et al. 2010a) , not dissolved oxygen. The sediment type was also important in spatial distribution of epibenthic communities, being the abundance, biomass and the diversity indexes better correlated with the presence of fine sediment (<0.125mm). The differences found were expected since the hydrodynamic fluctuations have an important effect on the cycles of sediment erosion and deposition and, hence, on the colonisation of benthic communities (Chainho et al. 2006) .
Pollution can contribute to a loss of biodiversity. It can cause the exclusion of sensitive species that are not able to survive or to adapt to certain levels of pollution, can alter abiotic factors to which some species have a low range of tolerance, or can interfere in interspecific relationships (Sousa et al. 2008a ). In the Douro and Mondego estuaries, an increased concentration of pollutants has effects on benthic community structure, namely in terms of a low diversity and the presence of opportunistic species (Mucha et al. 2003; Mucha et al. 2004; Mucha et al. 2005; Chainho et al. 2007 ). There are a few studies showing the existence of heavy metals and organochlorine pesticides in the fine sediments of the Cávado estuary (Almeida et al. 2008; Carvalho et al. 2009 ). The stations examined here, however, were not the same as the sampling stations of that work since such contaminants typically accumulate in fine sediments on the banks of the estuary mouth and our sampling stations were located in zones with low fine sediment contents. The results of the present work suggest, however, that further studies are needed to determine the effects of contaminant bioaccumulation in estuary sediments on the most abundant crustacean, Crangon crangon. This species may be considered as a bioindicator of the quality of the estuarine system, as reported for other European estuaries (Culshaw et al. 2002; Quintaneiro et al. 2006; Jung & Zauke 2008; Jung et al. 2009; Caçador et al. 2012) .
The seasonal variation in diversity identified for the Cávado estuary demonstrates the dynamics of this ecosystem.
Like other Portuguese estuaries Ramos et al. 2010; França et al. 2011) , the Cávado assumes regional importance as it acts as a nursery for several fishes species.
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